ABSTRACT This study compared oviposition by Hehothis armigera (Hubner) and H. punctigera (Wallengren) on four cotton cultivars: a smooth-leaf cultivar ('Deltapine Smooth Leaf') and a genetically similar hirsute cultivar ('Deltapine 16'), an okra leaf cultivar ('Coker 201 Okra Leaf') and a near-isogenic normal-leaf cultivar ('Coker 201 Normal Leaf'). In the glasshouse, 'Deltapine Smooth Leaf' plants received the lowest number of eggs and 'Coker 201 Normal Leaf' the highest. In the field, 'Deltapine Smooth Leaf' had the fewest eggs and 'Coker 201 Okra Leaf' the most. Both Heliothis species exhibited similar oviposition on different structures on each cultivar for each plant growth stage. Most eggs were laid on mature leaves. In the glasshouse, the lower leaf surface received more eggs than the upper; the upper surface received more eggs in the field. Terminal buds received the fewest eggs in the glasshouse, but in the field, egg numbers on terminal buds, bracts, stems, petioles, and stipules were similar. Analysis of the relative effect of the okra leaf and smooth-leaf traits on oviposition indicates higher oviposition on the okra leaf than on the smooth-leaf plants, although trichome density might in part be responsible for some of the differences.
IN AUSTRALIA; two species of noctuids, Heliothis armigera (Hiibner) and H . punctigera (Wallengren) , are major pests of cotton (Wilson & Greenup 1977) and of other crops such as tomato, soybean, and tobacco (Broadley 1977) . The larval stages of both species are similar in appearance, yet physiological differences do exist. As an example, the heavy reliance on insecticides for cotton crop protection has resulted in high levels of resistance in H . armigera to these chemicals in most of the major cotton growing areas of Australia (Wilson 1974 , Thomson 1979 , Gunning et al. 1984 , whereas H . punctigera has not developed resistance to any insecticide. The development of marginally manageable pesticide resistance by H. armigera casts some doubt on the long-term stability of Australia's cotton management program.
Increased use of plant resistance characters in pest management has been recommended as an alternative to heavy reliance on pesticide control (Lukefahr et al. 1969 (Lukefahr et al. , 1971 Reynolds et al. 1975 , Lukefahr 1977 , Niles 1980 . Characteristics that have been reported to confer resistance to Heliothis spp. include glabrousness (smooth-leaf) and okra leaf. It is widely maintained that the smooth-leaf trait results in reduced oviposition by Heliothis on cotton, yet there has been no published report concerning oviposition b y both Australian Heliothis species on smooth-leaf cultivars relative to oviposition on cultivars with other characteristics. The okra leaf trait, which creates an ope'n canopy plant, results in many agronomic benefits (Rao & Weaver 1976) in addition to earlier maturity. Ovipositional behavior on okra leaf cultivars has not been thoroughly investigated.
Our paper reports on the relative effect of the smooth-leaf and okra leaf characteristics on oviposition by H . armigera and H . punctigera. As part of this analysis, we also examined the effect of crop growth stage on oviposition by each species on cultivars possessing these characteristics.
Materials and Methods
Oviposition data were obtained from glasshouse (January 1976 -June 1977 and field experiments (1977/78,1978/79 seasons, unsprayed crops) at each of four plant growth stages; presquaring (before formation of flower bud), early-squaring (first square to first flower), mid-squaring (first flower to first boll split), and late-squaring (first boll split to harvest This article is the copyright property of the Entomological Society of America and may not be used for any commercial or other private purpose without specific written permission of the Entomological Society of America. In the field experiment, each cultivar was grown on a 0.25-ha plot at 16 plants per meter row (1-m row spacing) adjacent to a commercial farm at Forest Hill, 80 km west of Rrisbane, Queensland, Australia. Normal agronomic practices were maintained. In the glasshouse, plants were grown singly in 8 L plastic pots in a sand and peat moss mixture (1: 1, vol/vol), watered regularly, and fertilized once before planting using 10 g 'Q5' (N, P, K, S , Ca; 5.1, 6.0 4.9, 12.4, 12 .5%) per pot. The glasshouse temperature ranged from 20 to 4OoC in summer and autumn (December-May), and from 15 to 33°C in winter and spring (June-November). Relative humidity ranged from 30 to 80%.
For the glasshouse experiments, laboratory cultures of moths of both species were established from eggs and larvae collected from cotton fields at Forest Hill during the 1976/77 cotton season.
Additional eggs and larvae were introduced into the cultures each season. Occasionally, when the number of insects was low, eggs and larvae of H. punctigera were obtained from a culture maintained by R. E. Teakle, Department of Primary Industry, Long Pocket, Indooroopilly, Brisbane. The moths were provided with wet sponges of 10% sugar solution in a controlled environment room (25 +. Eggs laid on muslin cloth fitted to the lid of the jar were surface sterilized (5 min in 6 ml 10% NaHCl solution/liter of water) and placed in plastic bags. Newly hatched larvae were transferred to individual ice cream containers (9.0 by 7.0 by 6.5 cm) and reared on semiartificial food (Shorey & Hale 1965) .
Male and female moths used in the glasshouse experiments were confined for mating in 1-liter glass jars for 4 d after they emerged. Females were then released into a cage (3.1 by 2.1 by 2.1 m) with a metal frame covered with smooth nylon net (70% light transmission) containing plants of the same growth stage. Moths were allowed to oviposit for three nights, after which they were removed. In the glasshouse choice experiment (replicated twice), four plants of each cultivar were placed together in the cage (16 plants total). In the no-choice experiment, moths were confined with each cultivar separately (four plants). Only one species of Heliothis was released at a time. The number of females released was varied to produce densities of 5 , 10, and 20 females per cage in the choice experiment and 2 and 6 females in the no-choice experiment. The number of moths released were fewer in the no-choice experiment because fewer plants were used. Each choice and no-choice experiment was repeated at each of four plant growth stages. Eggs were destroyed after being counted.
During sampling, the number of eggs and the substrate (terminal bud, mature leaf, young leaf, bracts of square, flower and boll, and stem, petiole and stipule) were recorded for each Heliothis species in the glasshouse. In the field, eggs were not identified to species. Field sampling was conducted every other day on all plants within randomly selected 10-m lengths of row for each cultivar. Samples were not taken within 20 m of the field margin. Egg density was expressed as per moth per plant in the glasshouse, and per 10 plants in the field.
To quantify levels of glabrousness of ,leaves and bracts on different cultivars, the mean trichome densities on each upper and lower surface of mature and young leaves and on bracts of squares, flowers, and bolls were compared among the four cultivars, with cultivar and structure as the major factors. Trichome densities on leaves and bracts of mid-squaring plants in the glasshouse were recorded for each treatment combination. Five young leaves ( 5 2 wk old, and light green), mature leave3 ( > 2 wk old, and deep green), squares, flowers, and bolls were sampled at random. From each leaf, six square pieces (5 by 5 cm) were obtained, three from areas of the major central veins (ribs) and three from areas of the smaller lateral veins at positions proximal, central, and distal to the base of the leaf. A disk also was excised from each of three bracts of a fruiting structure. The trichomes on both surfaces of the leaf and on the bract were counted under a binocular microscope.
Comparative tests of means of eggs deposited and trichomes, employed the Duncan's new multiple range test and the Student-Newman-Keul's test (Steel & Torrie 1980) , because these tests are recommended for means with equal and unequal replications, respectively (Nie et al. 1975) . Replicated factorial analyses of variance (Nie et al. 1975) were used to analyze the oviposition and trichome density data. For each glasshouse experiment, the attractiveness of each cultivar was assessed at each growth stage by comparing the mean number of eggs per moth per plant with cultivar and species as the main factors. A similar analysis was conducted on eggs per ten plants in the field, with cultivar as the major factor, because Heliothis species were not separated. Oviposition preference for different plant structures, was analyzed by comparing the mean number of eggs laid per moth on each structure with Heliothis spp., cultivar, and plant growth stage treated as factors for the glasshouse choice and no-choice experiments. A similar analysis was conducted with the field data, except that Heliothis spp. were not separated. Consequently another analysis was conducted, in which (for each experiment), the percentages of total eggs deposited on each type of structure were compared with experiment being an additional factor.
To examine the association between glabrousnesz and oviposition for combined and separate Heliothis species, a correlation analysis (Zar 1984) was conducted between ratios of number of eggs on upper leaf surface, number of eggs on lower leaf surface, and respective ratios of leaf surface tri- chome densities. Correlation between egg numbers and trichome densities on bracts also was tested. The relative effect of okra leaf and smooth-leaf characteristics on oviposition was estimated by factoring out the background phenotypic contribution of each cultivar. This was accomplished by calculating the ratio of the number of eggs recorded during each crop stage on the okra leaf cultivar to its near-isogenic normal leaf cultivar and similarly calculating a ratio for the smooth leaf cultivar compared with the genetically similar 'Deltapine 16' cultivar. The relative impact of the okra leaf and smooth leaf characteristics were then compared in a non-replicated factorial analysis of variance with characteristic (okra leaf, smooth leaf), plant growth stage and experiment (choice, no-choice, field) as factors (Zar 1984) . Means were compared using Duncan's new multiple range test (Steel & Torrie 1980) .
Results
There were significant differences in the number of eggs laid, among the different cultivars for all plant growth stages in the field, and most growth stages in the glasshouse experiments (Tables 1 and   2 ). Egg numbers were not significantly different between the two Heliothis species. In both choice and no-choice glasshouse experiments, 'Deltapine Smooth Leaf' plants always received the fewest eggs ( P < 0.05), followed by 'Coker 201 Okra Leaf.' In the field, 'Deltapine Smooth Leaf' supported the least eggs, with the highest oviposition on 'Coker 201 Okra Leaf' plants.
Oviposition by the two Heliothis species on different plant structures was not significantly different. Mature leaves received the most eggs during all crop stages and in all experiments (Tables 3 and  4) , except during mid-squaring in the choice experiment (0.76 and 0.90 eggs/moth per structure on leaves and bracts, respectively). In the glasshouse, the lower leaf surface generally received a higher relative proportion of eggs than the upper surface for each insect species (59 and 56% for H . armigera and H . punctigera, respectively), age category of leaf (61 and 54% on young and mature leaves, respectively), plant growth stage (51, 58, 60 and 62% during pre-, early-, mid-, and late-squar- Ratios of mean number of eggs on the upper leaf surface to number of eggs on the lower leaf surface correlated significantly ( r z = 0.81; P < 0.05) with respective ratios of upper leaf surface trichome density to lower leaf surface trichome density for combined Hehothis species. Egg numbers on bracts of the four cultivars did not correlate with respective trichome densities for separate and combined species.
When the relative effects of okra leaf and smooth leaf on oviposition were evaluated by factoring out the contribution of their respective phenotypic background's, the overall relative effects of these traits were significantly (P < 0.01) different (Table   6 ). Their effects differed among the three experiments ( P < 0.05) and between the four plant growth stages (P < 0.05). The smooth-leaf trait resulted in significantly ( P < 0.05) fewer eggs than the okra leaf trait. The difference was greatest during midsquaring. During each of the other three growth stages and for each experiment, there was a similar trend of relatively fewer eggs because of the smoothleaf trait, though the effect was not significantly different from that because of the okra leaf trait.
Discussion
The results obtained from the glasshouse and field experiments are consistent with observations on the North American Heliothis species (Lukefahr et al. 1971) in that the smooth leaf trait substantially reduces oviposition by Heliothis species. Hassan (1983), however, cautioned against using the smooth-leaf trait for pest management, based solely on reduced oviposition and emphasized the need to consider the surviving larval population. Pubescence has been suggested as a source of resistance to larval survival by Ramalho et al. (1984) , who found that cotton leaf trichomes retarded movement of newly hatched larvae of Heliothis uirescens (F.).
In our experiments, differential oviposition could be explained by differences in trichome density on each cultivar. 'Coker 201 Normal Leaf' was the most pubescent and almost always received the highest number of eggs, whereas 'Deltapine Smooth 714 ENVIRONMENTAL ENTOMOLOGY Vol. 19, no. 3 Leaf' was the least pubescent and always received the fewest eggs. Lukefahr (1977) suggested that cultivars with <ZOO trichomes/in2 (40 per 5 by 5 mm) on the leaf surfaces could result in 50% reduction in oviposition. Trichome density on the Deltapine cultivars was similar to this value. Perhaps there would be more cases (and larger magnitude) of reductions had a Deltapine cultivar with a higher density of trichomes been used as the control rather than 'Deltapine 16,' which is nearly as glabrous as 'Deltapine Smooth Leaf.' The general trend of relative abundance of trichomes on leaves among the cultivars is similar to Smith's (1964) observation that the Deltapines are more glabrous than the Cokers. Trichomes enable the moth's pretarsal claws to grip the substrate firmly during oviposition (Callahan 1957 ). Callahan considered that selection of an oviposition site was made according to the ease with which the tarsi could grip the surface.
The leaf is an important structure on which ovippsition occurs (Taylor 1932 , Parsons 1940 , Reed 1965 , Wilson et al. 1980 , Mabbett & Nachapong 1984 ; up to 46% of eggs were deposited on mature leaves in our no-choice experiment. The possible effect of increased stability when moths land to lay eggs on a big leaf (mature leaf) has been suggested (Hassan 1983) . Young leaves received the second largest number of eggs; up to 30% of the total number of eggs were recorded on these leaves in the field. Taylor (1932) maintained that young leaves provided the hairiest surfaces for oviposition. The density of trichomes on a young leaf is significantly higher than that on a mature leaf but less (though not statistically significant) than that on a bract. In this study, the bract was the third most preferred structure; up to 22% of the total number of eggs were recorded on bracts (in the choice experiment). However, in terms of per unit surface area, the density of eggs deposited on bract (Mabbett & Nachapong 1984) .
The stem (including petiole and stipule) received u p to 12% of the total eggs in this study. In contrast, Matthews & Tunstall (1968) reported the stem to be the most preferred. Many eggs were observed oviposited on the mainstem during windy nights and they were located lower down the plant during dry weather.
There are conflicting reports on the leaf surface preference for oviposition by Heliothis species. Parsons (1940) and Reed (1965) (Hassan 1983 ). In the field, eggs of the two Heliothis species are indistinguishable. But during late-squaring, H . armigera usually predominates in the field in southeastern Queensland and the proportion of eggs on the upper surface of young and mature leaves decreased considerably during this period. However the upper surfaces of both leaves always received more eggs than the lower surfaces in the field, whereas the opposite occurred in the glasshouse. The high preference for the lower surface of leaves in the glasshouse can perhaps be explained by the higher density of hairs on the lower surfaces than on the upper surfaces.
